COPD is a prevalent lung disease with significant impacts on public health. Affected airways 20 exhibit pulmonary neutrophilia and consequent secretion of pro-inflammatory cytokines and proteases, 21 which result in lung emphysema. Probiotics act as nonspecific modulators of the innate immune system 22 that improve several inflammatory responses. To investigate the effect of Lactobacillus rhamnosus (Lr) on 23 cigarette smoke (CS)-induced COPD C57Bl/6 mice were treated with Lr during the week before COPD 24 induction and three times/week until euthanasia. For in vitro assays, murine bronchial epithelial cells as 25 well as human bronchial epithelial cells exposed to cigarette smoke extract during 24 hours were treated 26 with Lr 1 hour before CSE addition. Lr treatment attenuated the inflammatory response both in the airways 27 and lung parenchyma, reducing neutrophilic infiltration and the production of pro-inflammatory cytokines 28 and chemokines. Also, Lr-treated mice presented with lower metalloproteases in lung tissue and lung 29 remodeling. In parallel to the reduction in the expression of TLR2, TLR4, TLR9, STAT3, and NF-κB in 30 lung tissue, Lr increased the levels of IL-10 as well as SOCS3 and TIMP1/2, indicating the induction of an 31 anti-inflammatory environment. Similarly, murine bronchial epithelial cells as well as human bronchial 32 epithelial cells (BEAS) exposed to CSE produced pro-inflammatory cytokines and chemokines, which 33 were inhibited by Lr treatment in association with the production of anti-inflammatory molecules.
Introduction

44
Although chronic obstructive pulmonary disease (COPD) is one of the major chronic health 45 conditions in which disability and death rates are increasing worldwide, the development of new strategies 46 to disease management remains underwhelming [1] [2] [3] . Although the intrinsic factors that contribute to COPD development remais subject of discussion, the cigarette smoke is well recognized as a risk factor for 48 the disease [3] .
49
Chemokines such as CXCL1 and CXCL8 as well as cytokines TNF, IL-1β, IL-6, and IL-17 are 50 chemotactic factors that attract inflammatory cells to the injured lung, principally neutrophils and 51 monocyte-derived macrophage [4] [5] [6] [7] , where the pulmonary destruction initiates, compromising the alveolar 52 parenchyma [8] . Exacerbated activity of metalloproteinases from neutrophils in COPD patients is 53 responsible for destruction of alveolar parenchyma [9] [10] [11] [12] . In COPD, neutrophils release proteinases into 54 lung milieu, such as metalloproteases MMP-9 and MMP-12, result in emphysema [13] where the immune 55 system switches to a Th17 response to promote the perpetuation of inflammation [14] . The effects of 56 matrix metalloproteinase (MMP) can be inhibited by tissue inhibitors of metalloproteinase (TIMP) secreted 57 by several cells [15] . During the pathogenesis of COPD, the balance between the effects of MMP and its 58 TIMP is dysregulated [16] [17] [18] , since that MMP released by neutrophils overlaps with TIMP activity with 59 consequent pulmonary tissue destruction.
60
In parallel to the cytokine storm, the transcription factors NF-κB and the balance between STAT3/SOCS3 61 (suppressor of cytokine signaling 3) signaling are also present in the COPD pathogenesis through secretion 62 of pro-inflammatory mediators, such as TNF, IL-8, IL-33, CXCL1, CXCL9, and CCL2 from bronchial 63 epithelial cells [19, 20] . Some authors have evidenced an unbalanced SOCS3/STAT3 in in vivo COPD as 64 well as in emphysematous patients [21] [22] [23] . This phenomenon is characterized by a reduced SOCS3 71 inflammatory cytokines, and lung function impairment [25] [26] [27] . This is a reflex of the immune dysfunction 72 observed in COPD [28, 29] .
73
Some airways structural cells, such as the bronchial epithelium, when exposed to cigarette smoke secrete 74 pro-inflammatory mediators activating alveolar macrophages as well as attracting neutrophils and activated 75 lymphocytes towards the injured tissue [13, 30] . In fact, the airway epithelial cells are interface between 76 innate and adaptive immunity. Moreover, the bronchial epithelial cells also discharge transforming growth 77 factor-β (TGFβ), which triggers fibroblast proliferation for tissue remodeling [14, 31] . Therefore, small 78 airway-wall remodeling strongly contributes to airflow limitation in COPD, decline in lung function, and 79 poor responses to available therapies [32] [33] [34] . 136
The lineage of human bronchial epithelium cells (BEAS-2B (ATCC® CRL-9609™)) were 137 isolated from normal human bronchial epithelium obtained from autopsy of healthy individuals and were 138 acquired from American Type Culture Collection (Manassas, VA). BEAS cells were cultured in small 139 airway cell basal medium that contained growth factors for epithelial cells. The cells used were between 140 the 45 th and 55 th generation passages. BEAS cells were washed with medium and introduced into each 141 well of 24-well culture plates in triplicate at a concentration of 6×10 5 cells.mL -1 . After 12 hours, BEAS 142 cells were exposed to cigarette smoke extract (CSE) and probiotic (1×10 5 UFC of Lr). The CSE was 143 made from 1 unfiltered cigarette which was burned in 10 mL of culture medium. A vacuum pump was 144 used at a pressure of -11 Kpa so that the cigarette smoke could be incorporated into the culture medium.
145
Cells were stimulated with 2.5% CSE incorporated into the culture medium. The treatment with probiotic 146 was performed 1 h before CSE addition in culture medium with BEAS cells. Then, 24 hours after CSE 147 addition, the culture supernatants were removed, and stored at -40°C until use. 
Experimental Groups 151
The animals were randomly divided into 3 groups of 7 animals each: control (pure air inhalation 152 for 60 days); COPD (14 cigarettes smoke inhalation for 60 days; 30 min a day; 7 days/week); Lr + COPD 153 (14 cigarettes smoke inhalation for 60 days; 30 min a day, 7 days/week + Lactobacillus rhamnosus). The 155 and, after that, 3 days/week until euthanasia. For in vitro assays, murine bronchial epithelial cells or 156 BEAS cells were divided in 3 groups: control (culture medium alone), COPD (murine bronchial epithelial 157 cells or BEAS cells exposed to CSE), and Lr + COPD (murine bronchial epithelial cells or BEAS cells 158 exposed to Lr 1-hour prior to addition of CSE in culture medium). The murine bronchial epithelial cells 159 or BEAS cells were incubated with a density of 5×10 5 /mL of Lr.
160 161 2.7. Bronchoalveolar lavage fluid (BALF) 162 After the mice were euthanized with excess anesthetics, the trachea was cannulated, and lungs 163 were rinsed with 0.6 mL of cold PBS (saline). This was followed by 2 additional washings with the same 164 saline volume. Total and differential cell counts of BALF were determined by hemocytometer and 
320
Each bar represents mean ± SEM from 7 different animals. The experiments were performed in triplicate.
321
Results were considered significant when p < 0.05.
324
Lactobacillus rhamnosus downregulates expression of STAT3
325 and NF-κB in lung tissue 326 The activation of the STAT3 pathway and, consequently, the induction of NF-κB transcription factor 327 regulate the expression of genes associated with inflammation in lung diseases and are correlated with 328 disease severity. In concordance, inhalation of CS induced a significant increase in the mRNA expression 329 of NF-κB and STAT3-related genes in lung tissue from COPD mice, in comparison to control group 330 ( Figures 6A and 6B, respectively) . In contrast, the Lr group presented with a lower expression of these 331 genes when compared to COPD mice, in levels similarly to those found in control group. These data were 332 corroborated with immunohistochemical staining of lung tissue ( Figure 6A and 6B) . regulate the production of pro and anti-inflammatory molecules.
431
Our findings corroborate previous studies showing that that CS inhalation induces a robust migration of 432 inflammatory cells to the lung environment, mainly macrophage and neutrophils [41] [42] [43] . In response to 435 differentiation of monocytes in lung tissue, amplifying the inflammatory process [44] [45] [46] . The chronic 436 inflammation of the lungs results in alterations in the parenchyma architecture, a process known as tissue 437 remodeling, due an unbalance between active MMPs and its inhibitors, TIMP [47, 48] . In concordance 438 with this notion, CS group presented, in association with pulmonary neutrophilia, alveolar enlargement as 439 well as loss of alveolar parenchyma, collagen deposition, and destruction of elastic fibers. These 440 structural alterations were accomplished by a significant increase in the mRNA expression for MMP-9
441
and MMP-12 that was inversely to gene expression for TIMP-1 and TIMP-2. Despite the 442 cytokine/chemokine storm and the consequent cascade of events induced by CS inhalation, probiotic 443 feeding attenuated the inflammatory process both in the airways space and lung parenchyma.
444
Although the mechanisms behind this effect are allusive, we found that Lr feeding increased both the 445 levels of IL-10 in the BALF and SOCS3 in lung tissue, even when compared to control animals,
446
indicating that probiotic induced an anti-inflammatory stead state. This idea is corroborated by the fact 447 that Lr feeding sustained the levels of mRNA for TLRs, one of the major players in CS-induced COPD,
448
and for pro-inflammatory transcription factors, such as NFκB and STAT3, at levels comparable to those 449 from control animals.
450
Because epithelial cells are the interface between innate and adaptative immunity and a growing body of 
457
The proposal of action mechanism for Lr effect in which the bronchial epithelium is the important target 458 was confirmed when the probiotic modulated the secretion of pro-and anti-inflammatory cytokines in 459 human bronchial epithelial cells stimulated with CSE. Moreover, our results show that the anti-460 inflammatory effect of Lr on cytokines secretion from CSE-exposed human bronchial epithelial cells was 461 due to the downregulation of both transcription factors, NF-κB and STAT3. The modulation of 464 κB/STAT3/SOCS3 in human bronchial epithelium cells in order to attenuate both the lung inflammation 465 and the exacerbation of immune response in lung microenvironment.
466
Finally, several strains of Lactobacillus, as well as its structural components, and microbial-produced 467 metabolites can stimulate epithelial cell signaling pathways which can prevent cytokine and oxidant-468 induced epithelial damage thereby promoting cell survival through increased production of cytoprotective 469 molecules [54] . Our results demonstrated that Lr, by itself, increased secretion of both the IL-10 and the 470 TGF-β secretion as well as SOCS3 levels in human bronchial epithelial cells unstimulated with CSE,
471
which supports the idea that daily supplementation with probiotic may protect the lung milieu through of 472 airway epithelial cells, since the IL-10 can suppress pro-inflammatory genes and the TGF-β can guarantee 473 the integrity of airway epithelial barrier.
474
In conclusion, the present manuscript describes by the first time that Lr modulates the secretion of pro-475 and anti-inflammatory molecules from human airway epithelial cells through of restoring the equilibrium 476 between the transcription factors NF-kB/STAT-3 and SOCS3, and it seems to be an important action 477 mechanism of probiotic in order to control lung inflammation as well as airway remodeling in COPD. 
